remarkable ossification of the marrow canal in the long bones, the frequent presence of the duodenal cestode, Davainea proglottina, together with the reappearance of the anaemia in pullets of the same strain of fowls in successive seasons, which seemed to suggest the presence of an inheritable factor. The basic pathognomonic lesion was found in the enhanced proliferation of the erythroblastic sinusoids of the bonemarrow, inducing a premature entry of marrow cells of the erythrocyte series into the circulation; this was followed by their intensified destruction in the reticuloendothelium of the liver and spleen. Diagnosis was made in the living bird by the appearance of an orange or yellow tinge of comb and wattles, accompanied by the presence of a low erythrocyte count (a million or less), great disparity, in size, morphology, and maturation degree (or hwemoglobin content) of individual erythrocytes, the presence of marrow cells of the red series and a corresponding low hemoglobin percentage of the whole blood. 0 On the farm where the disease was originally discovered, the incidence of anemic fowls was found to vary between 7 and 9 per cent. each year in a population of two thousand White Leghorns. The ailment gradually died out in the course of four or five years, without any appreciable alteration in management or feeding having been made. Though on this farm only White Leghorns were affected, elsewhere White Wyandottes and Rhode Island Reds have been observed to be susceptible to erythromyelosis. The two white breeds, Leghorns and Wyandottes however predominate. On other farms the presence of tapeworms was not constant. It was noted that anaemia identical in type to erythromyelosis may occur in fowls without the presence of tapeworms and that conversely, the experimental infestation of chickens in the laboratory with D. proglottina will produce not erythromyelosis anamia, but emaciation and slow growth; this is the outcome of many experiments. McGowan (1932) who recorded anemia in 65 fowls out of 800 White Leghorns in Great Britain, concluded that the disease was present in approximately 3 per cent. of all poultry; this however is scarcely accurate. In the course of Dine years I have been able to discover only nine farms on which the disease occurred and on these not more than one per cent. of the birds were affected each year. Everywhere the disease appeared and then disappeared without any exterior cause being noticeable. Numerous and repeated attempts at transmission seemed to result in an increase of the red blood-corpuscle numbers and halmoglobin content of the blood of the birds AUG.-COMP. MED. 1 inoculated, which increase lasted several weeks; "yellow anemia" or definite anatomical lesions could not be produced with regularity, whilst the majority of the injections of whole blood or liver and spleen emulsions proved Wnmpletely negative.
It may be added, that, it having been noticed that there appeared to be a hereditary factor connected with the ailment, inoculations were made in fowls closely related to those diseased; batches of from eight to twelve fowls were chosen, together with an equal number of controls. Erythromyelosis developed fitfully in both groups, so that no conclusion was possible. Naturally, the resemblance between erythromyelosis and " pernicious ansemia" in man could not fail to be noticed, especially in view of the strange correlation between the tapeworms and the bhemopathy in these birds and a similar sequence in relation to the Diphyllobothrium latutm infestation in man.
The appearance of erythromyelosis in succeeding generations of fowls from one stock seemed at first to provide a distinction from pernicious anaemia in man, but recent studies [Wilkinson and Brockbank, 1931 ; L. Winternitz, 1932] may indicate that anaemic conditions can occur in succeeding generations of close relatives, in a, manner suggestive of inheritance.
As to the pathology of erythromyelosis, it is noticeable that the ossification of the marrow canal is a feature of osteosclerotic ana3mia or marble-bone disease (Albers-Schonberg, 1907) . It would not be profitable to enumerate resemblances or differences, because it has become evident in the course of time that erythromyelosis, or yellow anaemia of the fowl, is a type of hwmopathy peculiar to these birds, and which therefore deserves a name of its own.
It may be mentioned that the bleeding-time is prolonged; instead of the normal of 1 min. 45 sec. to 2 min., it is 2 min. 45 sec. to 3 min. The resistance of the erythrocytes to saline is diminished; instead of the normal 0-25 per cent. it is 0O35 to 0 * 37 per cent., that is to say, the erythrocytes lake in a stronger saline solution.
Regarding the aetiology, one may perhaps assert that erythromyelosis is not due to the action of bacteria or protozoa, and that if it is caused by a "virus," this has not been demonstrated, Among "yellow anaemic " fowls single instances can at times be detected, in which the lack of reaction after liver treatment, the excessive fragility of the erythrocytes, and the different marrow lesions, seem to justify the separation into a distinct group, possibly more akin tq " haemolytic jaundice " in man. Such fowls have been noticed only in single instances.
Then it may be added that several other types of anaemic diseases have been distinguished in fowls which differ not only anatomically, but in course and incidence. In these, as a rule, the combs and wattles are pale, not yellow; in these pale or grey ana3mias the bones are unaltered and the histological picture in the marrow is different. This is particularly the case in the disease called "erythroleucosis " by Jarmai (1930) , wbich is definitely transmissible in series by the inoculation of liver or spleen emulsions and in which the reticulo-endothelial cells are mainly affected, so that monocytes appear in the blood in increased numbers and the anaemia develops in the late stages, i.e. is secondary.
In erythromyelosis, a primary and specific proliferation of the erythrocyteproducing tissues occurs, whilst those developing lymphocytes or lymphoidal cells are affected in later stages. In view of the close manner in which the cells of the marrow are grouped, it is not astonishing that immature lymphoidal cells may invade the circulation when the erythroblastic sinusoids are disturbed; but there is a difference in time and degree between these distinct diseases.
Such observations may be taken as an added argument in favour of the polyphyletic view or interpretation of the blood formation of the domesticated fowl, for it can be seen that not only is the pathology of erythrocytic and lymphocytic diseases definitely distinguishable, but their reaction to liver treatment differs widely.
SPECIFIC TREATMENT
The treatment of anaemic fowls by means of liver feeding and the injection of liver extracts presented particular interest, because the test and standardization of such extracts has to be made by the clinical observation of the reticulocyte response of persons suffering from macrocytic (pernicious) anamia; a method which presents obvious disadvantages. If fowls with erythromyelosis proved suitable for this purpose, it was to be expected that further information might be obtained in relation to the mode of action of liver extracts, a subject which is still obscure.
Previous Trials with Liver Feeding and Extracts in Fowl-anwmia.-When the first cases were observed treatment was begun by feeding cooked liver from fowls; this brought about a prompt increase in the number of erythrocytes, from 1,200,000 to 2,000,000; the haemoglobin rose, within a fortnight, from 15 degrees on the Sahli scale (normal about 60 degrees) to 30 degrees; yet the fowls died in a month or six weeks and the disease appeared to be invariably fatal in spite of treatment.
The result of these attempts, toinfluence erythromyelosis by feeding cooked liver did not agree with the success obtained in relation to pernicious or macrocytic anaemia in man. McGowan (1932) then obtained fowls in which yellow anamiahad become noticeable. Though McGowan does not mention the fact, the type of fowlanaemia he observed corresponded closely to that described by Bedson and Knight (1924) , and later Bayon (1929) ; thus reference is made to the bones being isclerosed " and to the presence of the cestode Davainea proglottina in the duodenum. Indeed, McGowan (1932) suggested that a supply of antemic fowls might be obtained by placing them on'slug-infested ground, since the slug Agriolimax agrestis has been shown to be the intermediate host of D. proglottina. Unfortunately the problem is not so easily solved, for the presence of D. proglottina brings about the development of erythromyelosis only in certain particular instances, that is in families where the anaemia occurs even without the help of the cestode, as previously explained. However, McGowan (1932) fed these anamic fowls with liver and injected them with an eighth of a vial of liver extract, whereupon a remarkable and prompt increase in the numbers of the erythrocytesand hemoglobin percentage took place; for example, from 1,000,000 erythrocytes per c.mm. to 1,700,000 or even 2,000,000, the heemoglobin went from twenty to double that percentage (scale is not mentioned).
Notwithstanding this sudden rise, the improvement was not lasting; even with continued injections, both erythrocyte numbers and hamoglobin dropped again, and the birds died within a month or so. The influence of the injections on the morphology of the erythrocytes, if any, is not recorded. In some no response whatsoever was obtained, even from repeated injections of liver extract; an example would be Hen 371, Chart 9, on page 31 in McGowan (1932) . In this bird the erythrocyte count seems tohave varied between 500,000 and 750,000, whilst the hmemoglobin was no less than 30 per cent., a remarkable proportion, which gives a high colour-index, whilst, as a rule, in erythromyelosis the colour-index is below 1. Repeated injections caused no alteration in the erythrocyte numbers orhbmoglobin, and when the fowl was killed " sclerotic " bones and aplastic marrow were detected. The same lesions occurred in other fowls that did not react favourably to injections.
Personal observations.-Soon after the first tests, it became evident that the blood ofhealthy fowls was subject to sudden and unexpected fluctuations, so that unless these were takeninto consideration, experimental errors might arise. Blakemore (1934) observed what he calls " a consistent variation " in relation to the numbers of the cell elements of the fowl and pigeon. Palmer and Biely (1935) after an extensive study of the blood-counts of White Leghorn fowls, concluded that the erythrocyte and leucocyte counts fluctuate around a certain level characteristic of the individual. In relation tohaemoglobin, the recent observations of Schultz, Elvehjem, Hart, and Halpin (1936) and also Harmon (1936) on laying-hens, pullets, and cockerels, of different ages, have shown that considerable fluctuations accompany egg-laying in the hen, and in the cockerel are noticeable as the result of the influence of hormones. These alterations explain the great differences in the mean values recorded by different authors relatively to the hinmoglobin content of the fowl's blood.
These authors obtained arithmetrical mean values, but it seemed to me that the alterations of the blood could be better demonstrated by the aid of a graphical method and therefore the erythrocyte numbers and haemoglobin content of the blood ..9.Oo o: of fowls of different breeds were plotted out. It will be seen that the majority of healthy or apparently healthy fowls number between two and a half millions and just over three millions erythrocytes per c.mm. (fig. 1) . Halmoglobin on the Sahli scale was seen in most instances to be within the limits of 55 to 60 degrees, corresponding to 10-3 grammes per cent. (fig. 2) . As stated there are differences due to age, sex, and state of health.
Next, selected birds were kept under observation during prolonged periods, for three months or more, and the red blood-corpuscles counted every three days; it was ascertained that sudden fluctuations do occur at irregular intervals, though, as a tule the average remains within certain individual limits ( fig. 3) .
Then the effect of liver feeding and injection was studied on healthy fowls and it 19, 1935 19, , to February 18, 1936 was noted that even repeated massive doses were not capable of increasing the numbers of the erythrocytes or haemoglobin content of the whole blood beyond the usual or physiological limits that had already been ascertained (fig. 4 ). It may be HAEMOGLOBIN JM.6 %DE6REES.ON SAHLI SCALE 'blllilil\ot\kL/*A5 '1~AI 'A toVIf~Q added, that repeated injections of liver extract every other day during a month resulted in fowls dying with a permanently damaged liver, which was found to be swollen, congested, and friable; microscopically, there was dilatation of the interacinary capillaries and fatty infiltration of the liver cells.
These various-tests seem to suggest that the effect of these liver extracts was in some way specific for diseased erythrocytes and that they did not affect healthy blood in a similar manner. As evidence bearing on these views, the chart relative to a fowl with erythromyelosis is shown (fig. 5) , and it will be noted, in accordance with what had been previously observed, that though a prompt a2nd effective reaction occurred after the first few injections of liver extract, this was followed by a phase of depression, notwithstanding continued injections. After a short period, another rise took place, followed by another drop, which all further injections could not alter. In this fowl, life was maintained for over a year. A permanent cure did not result and on death the usual anatomical lesions of erythromyelosis were revealed in bones, marrow, and liver. No tapeworms or other parasites were present.
Alteration of the morphology of the erythrocytes Though a cure was not obtained, in addition to the increase in numbers of erythrocytes and total haemoglobin content, the influence on the morphology of the erythrocytes was no less remarkable, because it was more lasting. The deformed or immature cells of the erythrocyte series were noticed to reach the circulation in diminishing numbers, whilst the presence of mature and well-shaped erythrocytes was increasingly evident. This could be accurately ascertained, for -in dry films of the blood before treatment, out of every hundred erythrocytes examined, the proportion of morphologically normal cells was about 15 per cent., the remainder showing various degrees of irregularity in size and morphology (excentric nucleus, etc.) together with various degrees of 'bluish tinge of the cytoplasm. After a fortnight's treatment, or five to six injections, the proportions were nearly reversed, for 80 per cent. of the erythrocytes were well'shaped and stained red, whilst the remainder would be either larger or smaller than the average or showed other pathological signs. This morphological improvement lasted till death supervened.
These charts may be taken to show the therapeutic superiority of injected liver extracts compared with the results obtained by feeding liver, by which means only a moder'ate response was obtained. This would agree with the explanation of the pathogenesis of macrocytic anaemia which is generally admitted. The theory is that in man, macrocytic anaemia is due to the lack of an extrinsic factor in food and the absence of an intrinsic factor secreted in the walls of the digestive tract: both these 62a 1232 substances interact and form the so-called " anti-ansemic " or haemopoietic principle, which is then stored in the liver. This principle is absent in pernicious anamia livers. (Whitby and Britton, 1935.) With regard to anaemic fowls, it seemed that to supply the two factors through the bowels was not enough, for the therapeutic substance was not thoroughly digested and absorbed. Instead, when the ready-made anti-anaemic substance was injected and so added to the liver, the response was both prompt and remarkable, even if not lasting.
The reason for this difference of response to treatment between anemia in man and erythromyelosis in fowls is not yet explicable; it may be that the two diseases are totally different in setiology, or that the extract being made from the liver of a bovine, its action is not as completely effective as a similar extract from a bird's liver; or that, once the yellow tinge is noticeable on comb and wattles, the anatomical lesions are too far advanced to be healed. In favour of this last view is that in November last year I noticed on a farm in the North some pale-looking birds and asked that they should be sent for examination; these particular hens arrived in May with deep orange combs and wattles, a blood-count below the million and all the other signs of erythromyelosis.
Mode of action.-What did appear evident was that the hepatic extract did not act by stimulating the production of erythrocytes, since the marrow was actually suffering from over-stimulation; instead, it seemed to regulate the destruction of the erythrocytes in the liver and spleen. This was particularly suggested by the observation of blood slides taken during the course of injections; when it was apparent that the blood production was regulated and steadied: so that more and more mature erythrocytes joined the circulation and when there, they lasted longer. It may be taken for granted that the liver and spleen attract and disintegrate more readily not only old and effete erythrocytes, but also immature cells of the same cytological series which have joined the circulation before maturation as the result of a morbid impulse.
These tests and experiments were made during the tenure of a Henry George Plimmer Fellowship in Pathology.
